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Abstract 
This paper explores some of the ways of designing a green room with respect to energy efficiency. For design purpose, a model 
office room of typical dimensions was chosen and its electrical energy consumption under prescribed conditions was evaluated 
over a year by means of computer simulation. Then, the possibilities of providing the stipulated electrical energy demand solely 
from solar and wind sources were ascertained. The yields of grid connected solar photovoltaic cells that could be 
commensurately accommodated on the roof of the room were calculated over a year, via simulation. For wind energy analysis, a 
wind energy calculator software was made, that can provide dynamic energy calculations, take in wind speed data from anywhere 
within the computer and at the same time log useful yield data in real time. The simulation results indicated that the designed 
system could account for an impressive 15% energy demand of the room. The wind energy calculator software predicted results 
to considerable accuracy when compared to known performances of wind turbines present in Bangladesh.   
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
     Though the idea of green rooms is not novel anymore, its development is still at its infancy in the context of 
Bangladesh. A green room is one, which uses energy efficiently and is least reliant on conventional energy sources. 
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Contemporary energy efficient green rooms employ the use of solar photovoltaic cells, solar collectors and micro 
and mini wind turbines to provide power for electricity, space heating, water pumping and so on. The scopes of the 
study ascertaining to this investigation are pertinent to the following points: 
x To study the electrical energy requirements of a typical standard home in Bangladesh. For simplicity, only a 
model room of a typical office was considered. 
x To ascertain the possibilities of making the model room energy consumption solely dependent on renewable 
sources. Only solar photovoltaic cells and wind energy power yields were studied for simplicity.  
 
Nomenclature 
 solar panel number                                                            power coefficient 
            module string number                                                          angular speed of turbine blades, rad/s 
Pw  available power in wind, W                                             turbine blade radius, m 
 air density, kg/m3                                                                                       turbine rpm    
                upstream wind velocity, m/s                                            pitch angle, degrees 
          downstream wind velocity, m/s                                       normalised tip speed ratio 
            average wind speed, mph                                                distance of turbine blades from central shaft, m 
            turbine flow area, m2                                                                                blade length, m 
2. Room modeling and energy consumption calculation 
To ascertain the energy consumption of the room, a model for the room was chosen. In the process of doing so, 
the measurement details of a typical room in a university dormitory were employed. The parametric details of the 
room are listed in the table below: 
                       Table 1. Measurement details of model room. 
Measurement variables Quantity 
Length x Width x Height (in m) 6.7 x 4.3 x 3 
Floor area (in m2) 28.6 
Roof area (in m2) 33.0 
Roof tilting (in degree) 30 
 
Although the actual rooms had no roof tilting, a forced tilting condition of 30 degrees was employed to allow for 
solar photovoltaic considerations. The computer aided design of the model room was accomplished using the above 
mentioned parametric variables. Appropriate boundary and zone load conditions were then set in. Such 
specifications were necessary as different kinds of boundaries exchange energy at different rates. The employed 
zone load variables were typical of a dormitory or office room and can be observed in the next table. After 
assignment of zone load variables, the simulation procedure required the input of local weather data that was 
obtained from Solar and Wind Energy Resource Assessment [1] in epw format. The simulation for the energy 
consumption of the room over one year was initiated through the application, EnergyPlus. The outcomes of this 
simulation process shall be delineated in the results and discussion section. 
3. Solar energy analysis 
The aim of this section is to study the potentials of solar photovoltaic cells into providing electrical energy for the 
model room. To assess such implications, a solar photovoltaic design simulator was made use of. The design 
simulation was done on the basis of a grid connected system.  
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Table 2. Zone load breakdown. 
Zone load variables Definition 
People per zone floor area Number of people per 1000 square feet 
Occupancy schedule Duration of personnel stay 
Activity schedule Duration of active human activity 
Lighting power density Light incident per square feet floor area 
Lighting schedule Lighting ON time  
Electric equipment power density Power consumption of equipments per square feet floor area  
Electric equipment schedule Electrical equipment ON time  
Outdoor air per person Cubic feet per minute of outdoor air requirement per person  
Infiltration schedule Duration of air entry 
3.1. Solar energy simulation for model room 
To initiate solar photovoltaic yield simulation for the model green room, the meteorological data pertaining to the 
simulation topography were needed to be put in the simulation software. The relevant data for Dhaka, Bangladesh 
was obtained from RETScreen. The next step involved setting the orientation parameters of the solar panels. This 
included specification of panel tilt and azimuth angles. The highest efficiency of solar panels occurs at 30 degree tilt 
angle in a location like Dhaka, and hence the roof inclination was chosen to be as such. The azimuth angle was 
considered to be zero degree. The next step involved specifying in the system console, the amount of area available 
for solar module set up. Considering that modules shall be laid on only one side of the inclined roof, total available 
area was considered half of that calculated. An arbitrarily chosen solar module model was chosen. A commensurate 
inverter was also chosen for the function. A partial view of the console window can be seen in Fig. 1. The module 
specifications are detailed in the table below: 
       Table 3. Solar panel and inverter specifications. 
Panel Parameters Value Inverter Parameters Value 
Length x Width (in m) 1.6 x 0.8 Maximum input voltage (in V) 500 
Short circuit current, Isc (in A) 5.3 Rated power (in W) 1200 
Open circuit voltage, Voc (in V) 47.7   
Rated power (in W) 155   
 
From the solar panel dimensions and from the area available on roof, the maximum number of panels that could 
be placed came out to be around 13. The Isc and Voc values give extreme conditions for which the panel should be 
designed for safety. These respectively indicate the maximum currents and voltages that the system will have to 
withstand. At the same time, the inverter has to be sized accordingly. The sizing of the solar panels and inverters 
were done on the basis of three major points: 
x Total area of panels cannot exceed total available area: 
                                                                                  (1)     
 
x If all panels are connected in series, the cumulative open circuit voltage is maximum. The inverter should be able 
to withstand that maximum voltage: 
 
                                                                                                                                                       (2)        
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Fig. 1. (a) Project meteorological data input; (b) Solar panel orientation settings.                         
x The inverter power should not be either an undersize or an oversize of solar panel power: 
                                                                                                                                                 (3) 
4. Wind energy analysis 
Given the erratic nature of wind speed patterns in urban areas of Bangladesh, the prime aim of this section was to 
make a software predicting system that could simulate probable wind energy yields from systems established 
anywhere irrespective of location. An application was made that can provide dynamic power calculations of both 
horizontal axis (HAWT) and vertical axis wind turbines (VAWT) at different wind speeds, take in wind speed data 
from any location, log power yield values into file repositories, show dynamic performances of the turbines in the 
form of performance curves and at the same time, have provisions to be engaged with real time data logging 
hardwares. The power equations employed to calculate simulated power yields are shown below: 
 
                                                                                                                     (4) 
 
                                                                                                                                        (5) 
 
                                                                                                                                 (6) 
 
                                                                                                                                                 (7)    
       
                                                                                                            (8) 
The power coefficient is a function of wind speed and turbine specific parameters. To make the software 
application universal, the software common power coefficient model was based on that suggested by Anderson and 
Bose [3]. According to the model: 
 
                                                                                                                    (9) 
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W                                                                                                                                                             (10) 
5. Results and discussion  
The simulation outcomes of the room energy demand are given below. The floor area of the room was 28.61m2. 
Hence, the total energy requirement of the room was 4.2x1010 J as per the values in the table below. The simulation 
outcomes of the solar energy analysis yielded the results that can be observed in Fig. 2 and 3.  
                      Table 4. EnergyPlus simulation outcome. 
Quantity Electrical Intensity 
in MJ/m2 of floor 
area 
Lighting 99.9 
HVAC 0.0 
Other 1373.5 
Total 1473.3 
 
 
 
 
 
Fig. 2. Solar energy simulation results. 
 
 
 
 
 
 
 
 
Fig. 3. Monthly breakdown of energy production. 
The simulated energy yield of the solar photovoltaic system was 1784 kWh/year or 6.4x109 J. This was an 
impressive 15% yield of the energy demand by the room. The Anderson-Bose model allowed the user to know of 
absurd turbine parameter combinations, via error messages, thereby informing of improbable, low efficient turbine 
parameter combinations. The software performance was checked against wind farm turbine power output of Vestas 
turbines [2] found in Feni, Bangladesh. The Vestas turbine manufacturer specified power coefficient equation was: 
 
                                        (11) 
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Fig.4. (a) Partial view of wind energy software functioning; (b) Variation of power yields from software and Vestas turbines.  
     The variation of the power yield versus tip speed ratios as depicted by the software and the existing Vestas 
turbine equation was compared to assess the accuracy of the software. It was observed that, the software simulated 
outputs were in good concordance to actual values at high tip speed ratios, although, discrepancies amplified at large 
ones. This is apparent in Fig. 4(b). The result obtained from solar cell simulation will be limited by facts that, the 
simulation was done for a room considered to be having inclined roofs. Generally, urban structures have flat roofs 
and thus shading factors decrease net energy yield. The panel orientation assumptions employed were those of high 
efficiency points, and it is obvious that not all solar panel systems work at such favourable conditions. A plethora of 
external conditions like varying temperatures and pressures govern greatly the behaviour of solar cells. The effects 
of these were not taken into consideration in this work. The wind energy estimation software proved to be useful in 
simulating power yields for planned designs of wind turbines. It was useful in predicting absurd turbine design 
parameter combinations and was also able to collect data from actual hardware data loggers and project them onto 
respective graphs. This was achieved via RS232 serial protocol of logging devices. The limitation of the software 
lay in the fact that it was based on a generalized power coefficient model. 
6. Conclusion 
From the analysis, it is evident that solar energy can account for a considerable amount of the energy demand of 
an office room. If employed with other similar features, a system as such can prove to be conducive in conserving 
energy. However, implementation is limited by the high cost of solar panels and pertinent accessories and therefore, 
the decision of shifting energy reliance onto renewable sources is contingent on how financially favorable such an 
undertaking shall be in the long run. This, altogether, entails further detailed investigation of feasibility study. 
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